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Abstract

Objective—To describe the process by which a group of subject matter experts (SMEs) in the 

area of occupational health and primary care developed a clinical decision support (CDS) tool 

addressing work-related issues, which are important in the care of patients with diabetes mellitus 

(DM). The CDS is intended for primary care clinicians caring for employed adults with DM.

Methods—The SME’s selected guidelines for the management of DM in working adults, 

reviewed pertinent literature, and developed specific recommendations for action in the clinical 

setting.

Results—Multiple factors at work may adversely affect DM management. Clinicians can support 

working patients through education and care strategies to improve control.

Conclusions—Improved recognition of factors at work that can have an impact on DM care 

provides opportunities for improved management of DM among working adults.

INTRODUCTION AND OVERVIEW

Subject matter experts (SMEs) convened by the Association of Occupational and 

Environmental Clinics (AOEC), at the request of the National Institute for Occupational 

Safety and Health (NIOSH), developed a Knowledge Resource for a clinical decision 

support (CDS) tool to address aspects of diabetes care that are impacted by occupational 

factors.1 The tool could be incorporated into electronic health record (EHR) systems in 

primary cares offices to assist with the recognition of work factors that can affect diabetes 

management. The work group included three members Katherine Kirkland, DrPH, Laura 

Welch, MD, and Anna Allen, MD, MPH, and two participants from NIOSH:, Douglas Trout, 

MD, MHS, and Sherry Baron, MD, MPH.

Reasons for focus on diabetes in the Primary Care setting

Work factors can affect diabetes management.2 Poor diabetes management can compromise 

a workers’ ability to perform their job duties. Among adults aged 44–64, 16.2% have either 

diagnosed or undiagnosed diabetes.3 In 2012, diabetes was estimated to cost $245 billion in 

direct and indirect costs. The direct medical costs were 2.3 times higher for those with 

diabetes. There was a calculated cost of $69 billion in disability, work loss and premature 

death for those with diabetes. One study by Stewart, et al, estimated a $3.65 billion/year in 

lost productivity time (LPT) due to diabetic neuropathy.4
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Standardized medication, activity and food regimens are the standard of care to regulate 

blood glucose. This may not be possible if there is no place to store medication or food, and 

breaks are not regular. Davila et al. found that adults working over 40 hours per week were 

more likely to have suboptimal glycemic control (HbA1c level) compared to those working 

20 hours or less. Factors such as time constraints and the negative impact of shift work on 

diet could explain these findings.5 Shift work and extended work shifts can complicate 

diabetes management by introducing nutrients counter to circadian signals that control 

glucose metabolism. In addition, physical activity levels, both work-related and leisure-time, 

vary considerably across occupations and may have an impact on glycemic control.236

Diabetes can affect multiple body systems that can influence work capability. Blood glucose 

fluctuations can cause changes in mental status, possibly interfering with decision-making 

activities and coordination. Diabetes (Type 1 and 2) is associated with decreased vasodilator 

response and sweat gland response. Thermoregulation can be further inhibited by obesity 

and medications. Many medications use to treat diabetes and its complications can cause 

increased heat production or decreased heat loss78.

Long-term sequela can include cataracts, kidney disease and heart disease. Cataracts can 

cause difficulty in poor lighting conditions. The medications to treat kidney and heart 

disease can further impact temperature regulation and alertness. Special considerations for 

personal protective equipment, such as protective footwear, may be important for those with 

diabetic neuropathies. One study comparing white collar and blue collar workers found that 

blue collar workers were more likely to require protective footwear and were at higher risk 

for having diabetic neuropathy.3

A number of studies have systematically examined the efficacy of EHRs and CDS to 

improve diabetic control. EHR’s with diabetic CDS support can contribute to positive 

changes in clinician performance and glycemic control, especially among patients who 

previously had greater difficulty with control9. There are no studies of EHR CDS for 

diabetes and work. If a CDS tool improved management of diabetes by consideration of 

work related factors, the extra steps in a workflow are more likely to be accepted by medical 

providers.

Process of selection of the recommendations

The occupational factors determined by the work group to impact clinical care of diabetes, 

and could be reasonably included in an EHR CDS, were work schedules, work 

environmental conditions such as extreme temperatures, managing hypoglycemia in safety 

sensitive duties, and the application of the workplace components of the American with 

Disabilities Act to diabetic patients. Safety sensitive duties are those workplace activities in 

which impairment of mental status or coordination could lead to injury to oneself or others.1

The American Diabetes Association maintains recommendations for diabetes management.
10 General guidelines for approaching the impact of diabetes on employment, including how 

an assessment should be performed and what accommodations may be needed, such as 

employment in safety sensitive occupations.11 There are no evidence-based guidelines 

related to workplace factors or evidence to support specific interventions in the workplace 
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for persons with diabetes. Given this situation, and our review of the literature, the work 

group developed recommendations in consideration of validated diabetes management 

principles addressing issues workers with diabetes routinely encounter in the workplace: 

shift work, ability to take breaks, exposure to heat or temperature extremes, ability to eat/

drink/take medication as needed, and level of physical activity.12

EVALUATING OF EVIDENCE/STRENGTH OF THE RECOMMENDATIONS

Concern about the health effects of shift work on diabetes management has been discussed 

since the 1970s.13 The literature indicates a correlation between diabetes and shiftwork 

especially in men and those working rotating shifts14. Studies have shown that shift work 

can impact metabolic factors important in diabetes care.151617 A patient that is employed in 

nontraditional work shifts may have difficulty managing blood glucose due to variation of 

eating times, circadian rhythm signaling and determining when to take medications.181920

Hypoglycemia is important for those in safety sensitive work activities. Sudden 

incapacitation due to a decrease in blood glucose can put the patient and those around him or 

her in danger. The American Diabetes Association characterizes hypoglycemia via a list of 

symptoms. The most important for safety sensitive jobs are confusion, including delirium; 

lightheadedness or dizziness; sleepiness; blurred/impaired vision; seizures and 

unconsciousness.9 Temperature extremes, both hot and cold, can put an employee with 

diabetes at risk due to microvascular and neurologic changes.67 This impedes the ability 

thermo-regulate effectively in hot environments. Decreased blood flow from cold 

temperatures in combination with decreased sensation in the extremities can place the 

patient at risk for trauma.

Our recommendations also included information about the American with Disabilities Act to 

educate the provider, the patient and possibly the employer on rights and responsibilities. 

The patient has the right to reasonable accommodations but if the patient cannot perform the 

essential job tasks, the employer also has rights. These are fully explained in Questions & 

Answers about Diabetes in the Workplace and the Americans with Disabilities Act.21 

Complete details about how the authors conducted their literature search and evaluated the 

research are found in the Final knowledge report for the Work and Diabetes Subject Matter 

Expert Group, which is being published as a companion to this article.1

RECOMMENDED INTERVENTION

Decision to use a trigger HbA1C level

After review of the literature and discussion of common work flow issues in primary care 

practices, the work group decided to develop recommendations that would be triggered 

primarily for those patients with poorly controlled disease. While the work group considered 

using diagnosis codes and existing occupational information from the EHR, this approach 

would have required an EHR to already have accessible and structured (ie, coded) 

occupational health information in the system and may also cause notification fatigue for 

providers who may have many patients with well controlled diabetes.

Allen et al. Page 3

J Occup Environ Med. Author manuscript; available in PMC 2018 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The recommendation to maintain all diabetics at a level of HbA1c ≤ 7 is based on the 

National Institute of Diabetes, Digestive and Kidney Diseases (NIDDK) which defines an 

HbA1c of 6.5 or above as diabetes22. However, anecdotal evidence based on discussions 

with primary care providers (PCP) determined that this would be a limiting factor in the 

usefulness of most EHR CDS due to notification fatigue. The work group decided to use 

HbA1C≥8.0 and hypoglycemia as triggers to activate the CDS tool since those patients 

could benefit most from education about diabetes and the workplace. The final 

recommendations were made to enable the PCP to direct efforts to patients most in need of 

education. Ideally, the level of HbA1C that triggers the CDS could be altered based on a 

clinic’s specific needs and patient population.

Lab data, such as HbA1C and the plasma glucose, in EHR systems can be used an objective 

measurement of glucose control that can trigger the CDS. If there is evidence of 

hypoglycemia either from lab data or patient provided information, the diagnosis could be 

added to the patient problem list, triggering the hypoglycemia CDS. Therefore, the work 

group determined that the target populations for this project were patients at primary care 

clinics that had a significant number of patients with diabetes. The primary criterion is that 

the patient be currently working. There are two groups of employed patients specifically 

targeted for this project: those patients with elevated HbA1C, and those patients 

demonstrating symptomatic or serious hypoglycemia, with ‘serious’ defined as a situation 

requiring help from a third party and ‘symptomatic’ defined as an event during which typical 

symptoms of hypoglycemia are accompanied by a measured plasma glucose of less than or 

equal to 70mg/dL.23

If/then statements

Once the CDS is triggered by evidence of elevated HGA1C or hypoglycemia, the clinicians 

would be prompted to ask about the work-related risk factors identified by the work group. 

The clinician does not have to ask the patient about each job feature individually, but could 

pose a comprehensive question and gather ‘yes’ responses to any given job feature. The yes 

responses would then trigger patient and provider information.

If the CDS is triggered, the PCP should ask about relevant features of current job(s) that are 

recognized to impact diabetes management: shift work, ability to take breaks, exposure to 

heat or temperature extremes, ability to eat/drink/take medication as needed, and level of 

physical activity. As noted above in the section: Development of clinical criteria and 

potential interventions the PCP does not have to get detailed information about each job 

feature. The CDS will provide the information and the PCP will be prompted to either print 

out materials based on the CDS recommendations or provide the patient with pre-printed 

materials.

To reduce notification fatigue, programming should be in place such that this CDS does not 

appear if the patient has been asked about these job features within the past 6 months. The 

patient information should be available to be printed outside of the CDS triggers for 

unexpected situations.

The IF/THEN statement behind the CDS is:
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IF:

Patient demonstrates ‘not-at-target’ diabetes (elevated HbA1C ≥ 8 is recommended)

OR

Patient demonstrates symptomatic or serious hypoglycemia

THEN:

Clinicians should ask about relevant features of current job(s) that are recognized to 

impact diabetes management: shift work, ability to take breaks, exposure to heat or 

temperature extremes, ability to eat/drink/take medication as needed, and level of 

physical activity. If the patient answers “yes” to any of the features, then the CDS 

would populate a menu of educational materials to educate/counsel concerning 

management based on the relevant job characteristics. The clinician could click on 

one or more materials to be printed for the patient. The work group’s recommended 

educational materials is found in the full technical report21, though each clinic may 

want to tailor this information to the language, literacy and other characteristics of 

their clinic population.

CASE EXAMPLE

A 35-year-old man with a history of diabetes, hypertension and hyperlipidemia presents for 

an annual reevaluation. He brings in his blood glucose readings which indicate poor diabetic 

control with multiple readings above 200 mg/dl (maximum 294 mg/dl), but no low blood 

glucose readings or signs or symptoms of hypoglycemia. He works at the local chemical 

plant as a process engineer. Other clinical information includes HbA1c of 9.6 three months 

ago and 9.0 last week. The patient is taking oral hypoglycemic medications. In this scenario 

the HbA1c ≥8 will trigger the CDS.

The CDS will lead the provider to ask the patient if he is working, what his job is, whether 

his job involves shift work, temperature extremes, or heavy physical activity, and whether 

his job causes difficulties in allowing him to eat and take medications regularly. In this case, 

the patient indicates that his job does involved shift work – he alternates between day shift 

and night shift and finds it difficult to adjust his medication during night shifts.

Based on that type of information (above) provided during the visit, the CDS will generate 

an Information Sheet which will include level-appropriate (6th grade reading level ) material 

explaining issues related to managing diabetes while performing shift work, along with steps 

that can be taken to assist in diabetes control, and specific recommendations to aid in control 

of diabetes.

The information sheet will include further reading for patients (including primarily 

information from the American Diabetes Association and information concerning the 

Americans with Disabilities Act) and further reading for physicians.

A graphical representation of the process flow is available in the Final Knowledge Report 

for the Work and Diabetes Subject Matter Expert Group1.
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Limitations

The CDS was designed to offer background information to providers to support the 

educational material presented in the patient handout. More detailed information about the 

workplace factors, which may affect clinical care for diabetics, is not always covered in 

depth in primary care training. The references allow providers to refresh or learn about 

occupational medicine concepts. These reference pages could offer the opportunity to 

increase interest in occupational factors and medical care beyond diabetes

One concern of the work group was the effect it may have on a patient’s job status. While 

the Americans with Disabilities Act provides legal protections (see technical report for 

details of the ADA)1 the reality is that some employers will find any required work 

accommodation as a signal to find reasons to dismiss the employee. Review of the EEOC 

website does not reveal which complaints are due to diabetes but does show a broad range 

and significant number of employment cases resolved by the EEOC21. However, if the 

patient and provider are aware, medication selection, timing and dosing might be adjusted to 

workplace requirements.

Another job-related risk is that a patient can be designated as unfit to perform safety 

sensitive activities which can impact employment options and salary. However, if the patient 

does pose a potential risk, there is an ethical responsibility of the clinician to protect the not 

only the patient but also co-workers, and the public. This issue could be a stressor in the 

physician-patient relationship and could require dedicated time to explain to the patient or 

consultation with an occupational medicine specialist.

Lastly, while the information may be useful, if the busy PCP feels it is taking too much time 

with minimal benefit, they may disregard the CDS any time it appears. However, properly 

programmed workflow with adequate PCP education, should help both the medical provider 

and patient develop better awareness of the relationship between work and diabetes control 

Materials will need to be developed that meet the literacy levels of patients and inform 

primary care providers about each of these issues without significantly interfering with 

patient care time. Some of this information can be integrated into existing educational 

information including information on food intake and medication use.

CONCLUSION

The development process for the clinical decision support tool was an iterative process that 

required input from a variety of experts over the year. The group initially started out with 

grand goals to discuss not only short term management but also long-term effects such as 

cataracts, kidney disease, and cardiovascular risk factors. As we began to try to quantify the 

individual factors and visualize how to present the decision matrix, it became evident that 

we needed to curb our ambitions for both the provider and those that would have to 

implement the programming.

With EHR systems, patient outcomes can be extracted and analyzed if an appropriate data 

field is selected. Although HgA1c and glucose level does not represent the whole of the 

patient, they offer a disease-specific result that can be monitored. We believe EHR systems 
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have the potential to offer specialized, directed medical knowledge that can improve patient 

outcomes. In this case, the goal is to improve the health and safety of workers with diabetes 

by addressing factors that may sometimes be overlooked. We look forward to feedback from 

participating clinics on the effectiveness of this effort.
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Diabetes CDS Decision Logic Flowchart
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